It is shown that equilibrium polaritonic flows can amplify magnetic fields in an ultra-cold quantum electron-positron/hole (polaritons) plasma. For this purpose, a linear dispersion relation has been derived by using the quantum generalized hydrodynamic (QGH) equations for the polaritons, the Maxwell equation, and Faraday's law. The dispersion relation admits purely growing instabilities, the growth rates of which are proportional to the equilibrium streaming speeds of the polaritons. Possible applications of our work to spontaneous excitation of magnetic fields and the associated cross-field transport of the polaritons in micromechanical systems, compact dense astrophysical objects (e.g. neutron stars), and intense laser-plasma interaction experiments are mentioned.
Ultracold quantum pair plasmas containing electrons and positrons/holes (hereafter referred to as polaritons) are ubiquitous in dense astrophysical environments [1] , in intense laser-solid matter/atomic system interaction experiments [2] [3] [4] , in micro and nano-scale objects (e.g. microplasmas [5] , quantum dots and nanowires [6] , quantum diodes [7] , biophotonics [8] , and cool vibes [9] ), as well as in micromechanical systems and ultrasmall semiconductor devices [10] . Quantum effects [11, 12] in plasmas are important when the de Broglie length of the polaritons is comparable to the dimensions of the system. Here, quantum-mechanical effects (e.g. tunnelling) play an important role [11, 12] . Quantum corrections lead to dispersion [11] that is caused by strong correlations between charged carriers (polaritons). Recent studies [13] [14] [15] [16] [17] [18] [19] dealing with collective interactions have incorporated strong electron correlations at quantum scales, and have reported new features of waves and nonlinear structures in dense quantum plasmas. The electron 1/2 spin effect on the dispersion properties of low-frequency magnetohydrodynamic waves has been examined in Ref. [20] In this Letter, we show that equilibrium polaritonic drifts in an ultracold quantum electron-positron/hole (pair) plasma can generate magnetic fields via a purely growing electromagnetic instability. Physically, the presence of polaritonic drifts can move polaritons in directions opposite to each other in a quantum plasma. As a result, there would appear charge separation and the associated density perturbations. The corresponding polaritonic current densities become the source for magnetic fields. The latter temporally grow since the polaritonic density fluctuations, which are produced by the Lorentz force involving the cross-coupling between the polaritonic flows and the perturbed magnetic field, cannot keep in phase with the magnetic field perturbation.
Let us suppose that our ultracold quantum plasma is composed of the electrons and positrons/holes. The latter are streaming with the equilibrium drift velocitiesẑu 0± , wherê z is the unit vector along the z axis in a Cartesian coordinate system and the subscript +(−) stands for the positrons/holes (electrons). The dynamics of one-dimensional mixed mode electromagnetic perturbations in our cold quantum plasma is governed by the QGH equations composed of the continuity equation
the x component of the momentum equation
the z component of the Maxwell equation
where the z component of the polaritonic fluid velocity u z± is determined from
Here the z component of the wave electric field E z is related with the wave magnetic field B y by Faraday's law
In (1) and (3) n ± ( the equilibrium polaritonic number density n 0± ) is a small polaritonic density perturbation caused by the non-vanishing of the divergence of the polaritonic flux n 0± v x± in the presence of the equilibrium polaritonic flows. The latter produce the polaritonic velocity perturbation v x± due to the Lorentz force involving the cross-coupling between the equilibrium polaritonic flows and the perturbed magnetic field B y . Furthermore,h is the Planck constant divided by 2π, m ± is the mass of the polaritons, e is the magnitude of the electron charge, and c is the speed of light in vacuum. We note that the second term in the right-hand side of (2) represents corrections at quantum scales due to interactions between strongly correlated polaritons in a dense quantum plasma.
Combining (1) and (2) we obtain
which shows that finite polaritonic density perturbations exist only if the polaritonic flows, u 0± , are present.
Taking the x-derivative on both sides of (3), and using (5) we obtain
Taking the time derivative of (7) and using (4) and (5) we have
where
and ω p± = (4πe 2 n 0± /m ± ) 1/2 is the plasma frequency of the polaritons. Equations (6) and (8) form a closed set for our purposes.
We now Fourier transform (6) and (8) by supposing that n ± and B y is proportional to exp(−iωt + ikx), where ω and k are the frequency and wavenumber, respectively. The resultant equations are then combined to obtain the dispersion relation
Two comments are in order. First, for ω
is the frequency of the electromagnetic wave in an electronpositron/hole plasma. In a pair plasma with equal polariton masses (m + = m − = m) and equal equilibrium polaritonic flows (u 0+ = u 0− = u 0 ), we have from (10)
where ω p0 = (4πn 0 e 2 /m) 1/2 and n 0 = n 0+ = n 0− . Equation (11) admits a purely growing instability (ω = iγ, where γ is the growth rate), if
The growth rate above the threshold is
Second, in the quantum dominated limit, ω
2 ± , we have from (9)
which also admits a purely growing instability, if
The growth rate above the threshold is 
